The serum components, glucose, cholesterol and triglyceride, form hydrogen peroxide by corresponding oxidases. The hydrogen peroxide produced was determined by the chromogenic reaction of N, N-diethylaniline and 4-aminoantipyrine catalyzed by an anion-exchange resin modified with Mn(III)-tetrakis(sulfophenyl)porphine (MnTPPSr) in place of peroxidase (POD). The calibration curves obtained by the use of MnTPPSr were linear. The apparent molar absorption coefficients and the relative standard deviations were comparable with those in the POD method. The foreign substances examined did not give any significant interference. MnTPPSr was a good artificial mimesis of peroxidase or immobilized-peroxidase for the determination of some serum components such as glucose.
In clinical chemistry, components in serum such as glucose, cholesterol and triglyceride form hydrogen peroxide through reactions (1) -(3), catalyzed by the corresponding oxidases. Serum components are determined through the hydrogen peroxide evolved during peroxidase reaction. glycerol kinase (GK) glycerol 3-phosphate (G3P), G3P oxidase (G3POD) G3P+02 H2O2 + dehydroacetone. For the determination of hydrogen peroxide, the following color reaction (4) catalyzed by peroxidase (POD) has been widely used. An anion-exchange resin modified with Mn(III)-tetrakis(sulfophenyl)porphine (MnTPPSr) was found to be an effective catalyst in place of POD by reaction (4) In the present paper, MnTPPSr was applied to the determinations of glucose, cholesterol and triglyceride (glycerol) in the use of reaction (4) catalyzed by MnTPPSr following reactions (1) - (3) . As a result, MnTPPSr was promising as an effective solid artificial mimesis of POD for the determination of hydrogen peroxide formed quantitatively from the components in serum.
Experimental

Reagents
Resin modified with MnTPPS (MnTPPSr).
Tetrakis-(sulfophenyl)porphine (H2TPPS) was purchased from Tokyo Kasei Kogyo Co. Ltd. An anion-exchange resin, Amberlite IRA 900, obtained from Organo Co. Ltd. was sieved from 24 to 42 mesh, regenerated in a nitrate form, washed with water and acetone, and air-dried. MnTPPS ( Fig. 1) Determination of glucose by GOD-MnTPPSr Sample solution of glucose. One milliliter of 200, 400 or 600 µg/ ml of a glucose solution was added to the control serum I (0.2 ml, containing 180 µg glucose). The mixture was then diluted to 5.0 ml with water in a volumetric flask to prepare a sample solution, the glucose concentration of which was in the range from 18 to 78 .tg/ 0.5 ml. Reagent solution.
The chromogenic reagent solution was a 1:2:2:2:4 mixture (by volume) of GOD (32 U/ ml), polyethyleneglycol p-nonylphenyl ether n= 10 (PGNP, 10.3 M), AAP (1 mg/ ml), DEA (1 mg/ ml) and buffer (components; 0.05 M Na2B407 -0.2 M H3-B03+0.05 M NaCI, pH 7.0) solutions. Procedure.
The reagent solution (5.5 ml) and MnTPPSr (25 µmol/ g resin, 200 mg) were added to the sample solution (0.5 ml, containing 18 -78 µg glucose). The subsequent mixture was incubated at 37° C for 30 min. The absorbance of the supernatant was measured at 553 nm against the reagent blank. The sample solution was also treated with the usual POD method3 by the use of the chromogenic reagent solution (5.5 ml) containing 2.5 U of peroxidase (GOD-POD method).
Determination of cholesterol by COD-MnTPPSr Reagent solution.
The chromogenic reagent solution was a 1:1:1: 2 mixture (by volume) of PGNP (10-2 M), AAP (1 mg/ ml), DEA (1 mg/ ml) and borate buffer (pH 6.8) solutions. Procedure.
The reagent solution (5.0 ml), an enzyme solution (0.5 ml, containing 5 units of COD) and MnTPPSr (200 mg) were added to the sample solution (0.5 ml, containing 50 -200 µg cholesterol). The mixture was incubated at 37° C for 30 min. The absorbance of the supernatant was measured at 553 nm against the reagent blank. The sample solutions were also treated with the usual POD method4 (COD-POD method).
Determination of triglyceride by G3POD-MnTPPSr Reagent solution.
The chromogenic reagent solution was a 1: 2 : 2 : 4 mixture (by volume) of PGNP (10.2 M), AAP (1 mg/ ml), DEA (1 mg/ ml) and borate buffer (pH 7.0) solutions. Enzyme solution.
An enzyme solution (1.5 ml) was prepared by mixing 4U of GK, 0.1 mg of ATP, 0.1 mg of Mg2+ (as MgCl2) and 12 U of G3POD. Procedure.
A triglyceride solution (1.0 ml, containing 200 -800 µg triglyceride) and an LPL solution (1.0 ml, containing 100 U of LPL) were pre-incubated at 35°C for 10 min for the dehydrogenation of triglyceride to glycerol and oleic acid. Then the whole mixture (0.5 ml) was subjected to the analysis as a sample solution. The reagent solution (4.5 ml), the enzyme solution (1.5 ml) and MnTPPSr (200 mg) were added to the sample solution (0.5 ml). The subsequent mixture was incubated at 37° C for 30 min.
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Results and Discussion
Optimal conditions for determination of glucose The type of anion-exchange resin (Amberlite IRA 900), the amount of MnTPPS on MnTPPSr (MnTPPS 25 .tmol/ g dry resin), and the concentrations of DEA (1 mg/ ml) and AAP (1 mg/ ml) were selected according to the previous results." 6 Other conditions were established by the use of a sample solution (58 tg glucose/ 0.5 ml). Effect of pH.
The absorbances of the dye reached to a maximum value in the range of pH 6.6 and 7.0 (Fig. 2) , as in our previous study, in which the solution of hydrogen peroxide was employed.' In the present study, the use of 0.05 M borate buffer (pH 7.0) was a good choice. Effect of amount of MnTPPS.
The absorbance was maximum and constant when the amount of MnTPPSr was more than 100 mg, as seen in Fig. 3 . However, for the sample solution of serum spiked 78 µg glucose per 0.5 ml, the absorbance of the dye was much lower. This was due to the disturbance caused by proteins in the serum. In the presence of less than 100 µg of glucose, a linear calibration curve was obtained by the use of 200 mg of MnTPPSr. Effect of incubation time and temperature.
For the solution of hydrogen peroxide, the absorbance of the dye reached a maximum and constant value after being incubated for 20 min (Fig. 4) . On the other hand, 30 min was necessary for serum to attain its maximum and constant absorbance. This result indicates that the oxidation by GOD requires 30 min to produce hydrogen peroxide. The incubation was carried out at 37° C, according to the result obtained for the GOD-POD method.3 Effect of nonionic detergents.
When the sample solution containing serum was used, the final solution often became turbid. The solubilization of the turbidity by a nonionic detergent, PGNP or Brij-35, was examined by the nefrometry. The addition of PGNP or Brij-35 solutions (10-3 M) was found effective for eliminating the turbidity and gave no effect on the activity of MnTPPSr.
Optimal conditions for the determinations of cholesterol and triglyceride
A cholesterol solution (0.5 ml of ethylalcohol, containing 200 µg cholesterol) and a glycerol aqueous solution (1 ml, containing 50µg glycerol) were used for clarifying the effects of pH, the incubation time, the amount of MnTPPSr and the concentration of PGNP.
Cholesterol and triglyceride could be determined under the conditions similar to those for glucose.
Calibration curve
The calibration curve obtained for glucose by the GOD-MnTPPSr method was linear, like that obtained by the use of POD for serum glucose. The molar absorption coefficient obtained by the GOD-MnTPPSr method was 1.0X104 and was 20% lower than that •, 58 µg of glucose; 0, on the determination of 10µg of H2O2. Table 1 Glucose amount (µg) found in various seraa a. Glucose in sera (0.5 ml) was 58 µg. b. Elevated lipids control serum spiked by glucose (58 µg). c. The chemistry control serum elevated bilirubin spiked by glucose (58 jig).
observed by the GOD-POD method (1.3X104). For the former, the relative standard deviation for 58 µg of glucose was 1.8% (n=10). The effect of lipids and bilirubin in serum was examined for the determination of glucose by the GOD-MnTPPSr and GOD-POD methods. For this purpose, ELS and EBS spiked by glucose so as to be at the same level (58 µg/ ml) in the normal control serum (serum I) were employed. The glucose value of ELS obtained by the use of POD was about 18% higher than that of control serum I, as seen in Table 1 . On the other hand, the glucose value of ELS obtained by the use of MnTPPSr was the same as that in the control serum I, suggesting that the GOD-MnTPPSr method is not affected by lipids. For EBS, both POD and MnTPPSr were affected by excess bilirubin in serum.
The results indicate that the activity of MnTPPSr is not disturbed by lipids.
The calibration curves for cholesterol obtained by the COD-MnTPPSr and COD-POD methods showed good linearity in the range from 50 to 200 µg of cholesterol. The molar absorption coefficients of the COD-POD and the COD-MnTPPSr methods were 1.0X104 and 7.5X103, respectively. The latter reached to 75% of the former. The relative standard deviation in the latter for 200 µg of cholesterol was 2.8% (n=10).
The calibration curves for triglyceride obtained from the G3POD-MnTPPSr and G3POD-POD methods were linear in the range from 50 to 400 µg triglyceride in 0.5 ml of a sample solution. The molar absorption coefficient of the G3POD-MnTPPSr method (7.5X 103), however, was 54% of that of the G3POD-POD method (1.4X104), suggesting the influence of enzymes on the activity of MnTPPSr. The relative standard deviation for 50 µg of glycerol was 4.8% (n=10).
Repeated use of MnTPPST
In order to confirm the stable activity of MnTPPSr, the repeated use of MnTPPSr was examined. The absorbance of the dye was almost independent of the repeated uses of MnTPPSr even after ten cycles, as seen in Fig. 5 . This result indicates that the POD-like activity of MnTPPSr is not affected by GOD or foreign substances in serum. In the determinations of cholesterol and triglyceride, the activity of MnTPPSr was also kept constant. Interferences Under the conditions of the recommended procedure, interferences caused by various substances were examined. The results are summarized in Table 2 . Most of substances studied did not interfere with the determination of glucose; the exceptions were ascorbic acid (40 µg) and CO32-(1 mg) and PO43-(1 mg). The interference caused by ascorbic acid was almost at the same level as in the determination of glucose by the use of POD. The interferences of CO32-and PO43-were negligible when their amounts were less than 100 µg.
In the case of cholesterol, the effects of foreign substances were about the same as those observed in the determination of glucose. To examine the effects of the foreign substances on the determination of triglyceride, a standard glycerol solution was used. As seen in Table 2 , only the interference of Ca2+ was significant. The presence of 1 mg of Ca2+ ion gave about 20% lower absorbance. This is ascribable to the competition of Ca2+ ion with Mg2+ ion, which is a cofactor for glycerol kinase in the reaction (3-2) . The presence of 100 µg of Ca2+ ion was tolerable.
In conclusion, MnTPPSr can be used as an artificial mimesis of POD for the determination of hydrogen peroxide enzymatically produced from glucose, cholesterol or triglyceride.
In clinical analysis, MnTPPSr will be a promising artificial mimesis of POD because of its high stability in storage and easiness in handling.
